Multiple sclerosis (MS) management presently aims to reach a state of no (or minimal) evidence of disease activity. The development and commercialization of new drugs has led to a renewed interest in family planning, since patients with MS may face a future with reduced (or no) disease-related neurological disability. The advice of neurologists is often sought by patients who want to have children and need to know more about disease control at conception and during pregnancy and the puerperium.
INTRODUCTION
Multiple sclerosis (MS) treatment has evolved tremendously over the last two decades. Whereas a patient diagnosed with MS 30 years ago had very little hope of a future without severe neurological disability, most patients who receive the diagnosis now have access to a variety of pharmacological and non-pharmacological treatments that can modify their disease evolution [1] . In the present scenario, MS management aims to reach a state of no (or minimal) evidence of disease activity in patients [2] . Therefore, while individuals with MS might not have considered parenthood in the past due to the potential disability, patients nowadays seem to have a different attitude towards having children. Family planning for patients with MS includes advice from neurologists regarding disease control at conception and during pregnancy and the puerperium. Since reactivation of well-controlled MS may lead to relapses and accumulated neurological disability, simple withdrawal of drugs for patients who intend to conceive is not an option. On the other hand, not all treatments presently recommended for MS are considered safe during conception, pregnancy and/or breastfeeding [3] . The objective of the present study was to summarize the practical and evidence-based recommendations for neurologists, obstetricians and urologists who discuss family planning with women and men with MS.
A panel of neurologists with experience in MS reviewed several aspects of the disease with regard to human reproduction. Their recommendations were established based on published evidence and the specialists' expert opinion. The review of the literature was not limited by date and included specific words for each individual subject reviewed by the specialists. The authors used PubMed, Medline, SciELO, LILACS, the Cochrane Library and Google Scholar to identify relevant papers. Only papers with a title and abstract in English were reviewed; from the articles selected, the lists of references were further searched for potentially relevant citations. After 2 months of reviews, the panel met for a full day of discussions and elaboration of the material below. All recommendations presented here are evidence-based and were included with the approval of at least 80% of the authors. This paper is a comprehensive review of medical literature on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors. All statements regarding the literature are cited in the references.
LEVEL OF EVIDENCE
For obvious ethical reasons, there are no double-blind or placebo-controlled randomized studies on men or women with MS who intend to conceive, or on pregnant and/or breastfeeding women. The papers selected for this article typically come from anecdotal reports, case series, observational studies and national or international databases, using retrospective, prospective or cross-sectional cohorts of patients. Therefore, there is no evidence coming from Class I or II studies in this population of patients with MS, and all recommendations in the literature are, at best, Level C [4] .
GENERAL RECOMMENDATIONS FOR PATIENTS WITH MS WHO WANT TO HAVE CHILDREN
Although both men and women with MS should have the disease under control before conceiving a child, this recommendation is particularly important for women. The risk of relapses in the post-natal period showed an independent correlation with the 12-month [5] and 24-month [6] annualized relapse rate preceding pregnancy. In addition, a higher number of postnatal relapses increased the risk of disability progression in women with MS [5] . Therefore, it is of essence that women with MS who intend to become pregnant have their disease under control for at least 1 year before conceiving. Should the patient have a new diagnosis of MS, the recommendation is to wait for at least 1 year in order to attempt to control disease activity before conceiving.
ANTENATAL CARE FOR WOMEN WITH MS
Pregnancy in a woman with MS does not constitute a case of ''high-risk'' pregnancy. Antenatal care follows the general recommendations, with the same scheme of dietary supplementation of folic acid, vitamins, minerals and iron that pregnant women need to have. Likewise, cessation of alcohol and tobacco use is important [7] . One aspect of antenatal care that may give rise to greater controversy is supplementation of vitamin D among pregnant women with MS. The plasma levels of vitamin D have not been found to be associated with the postnatal relapse rate in MS [8, 9] , and general obstetric and neonatal outcomes seem to have little relationship to vitamin D supplementation during pregnancy [10] . Therefore, there is no particular reason to aim for high plasma levels of vitamin D in pregnant women with MS.
In summary, antenatal care for women with MS should follow the general recommendations of the gynecology and obstetrics societies of each country.
VACCINES
Obstetricians and gynecologists have very good opportunities to incorporate vaccination into the standard clinical care for women [11] . They specifically care for pregnant women who, along with their fetuses, can be particularly vulnerable to vaccine-preventable diseases and their related complications [12] . In patients with MS, vaccination can have peculiarities related to the disease itself and its treatment [13, 14] .
Vaccination should be discussed with the patient before conception and should follow the recommendations and immunization calendar of each country. In general, if the woman has not been previously exposed or vaccinated against a certain disease, the risk/benefit of immunization during pregnancy should be assessed individually [15] . Inactivated vaccines, such as seasonal influenza and tetanus, can be used safely even during pregnancy. Vaccines with bacteria and those with attenuated viruses can be used before the woman conceives and may be used in the final trimester of pregnancy. These include Bacillus Calmette-Guérin (BCG) against tuberculosis, oral typhoid, measlesmumps-rubella (MMR), varicella/zoster and rotavirus [16] . Other vaccines that may be used during pregnancy on an exception basis include pneumococcal polysaccharide vaccine and hepatitis B. The healthcare staff need to be aware that patients with MS should not receive live-virus vaccine (for example, yellow fever). These patients should be immunized only in some very specific situations, through case-bycase indication.
THE EFFECT OF PREGNANCY ON MS RELAPSES (SHORT-TERM OUTCOMES)
Acute demyelinating relapses of MS can be worrisome during pregnancy and the puerperium. While pregnancy status typically reduces the number of clinical relapses, this number is not zero, and some patients may require treatment while pregnant. Reactivation of MS inflammatory activity is a characteristic feature of the postnatal period, and treatment of relapses may be necessary in the puerperium.
The mechanism underlying the changes in relapse rate during gestation and after delivery are ultimately a function of cytokine and hormone levels in the woman. Pregnancy is associated with downregulation of cell-mediated immunity, ultimately resulting in a shift towards a T-helper 2 (Th2) cytokine profile [17] . This shift leads to reduced levels of Th1 cytokines (interferon gamma and tumor necrosis factor alpha) and increased levels of Th2 cytokines (interleukins IL-4 and IL-10), which are essential for tolerance of the fetus during pregnancy [18] . In addition, the beneficial immunomodulatory effects of high levels of estrogen during pregnancy [19] may explain the overall reduction in MS activity during gestation.
MANAGEMENT OF RELAPSES DURING PREGNANCY
Fortunately, most women with MS will not develop neurological symptoms during or after pregnancy [20] . Relapses occurring during pregnancy, particularly in the first trimester, should be treated with corticosteroids only when they significantly affect the mother's activities of daily living [21] . Although conflicting data have been published, corticosteroids used during pregnancy have been associated with orofacial cleft [22, 23] . There are no reports of other therapies (including immunoglobulin) for treatment of relapses during the gestational period in women diagnosed with MS.
Summarizing the recommendations regarding therapy for MS relapses during pregnancy, intravenous 3-day pulse of methylprednisolone (1 g/day) can be used if necessary. Prolonged oral administration of prednisone should be avoided, as well as the use of corticosteroids with placental effects, such as dexamethasone or betamethasone [24] .
MANAGEMENT OF RELAPSES AFTER DELIVERY
Studies from various countries show that relapses occur in 12-39% of women with MS during the puerperium [20, [25] [26] [27] [28] . A low relapse rate preceding pregnancy [6, 21] and exposure to immunomodulatory drugs at the time of conception [6, 29] appear to be the only factors associated with lower numbers of postnatal relapses.
Following studies with conflicting results regarding the role of breastfeeding in preventing postnatal relapse [30, 31] , a meta-analysis concluded that this protective effect, if present, is modest [32] . The recommendation is to encourage breastfeeding for its beneficial effect as a whole [33] , with the important exception of (re)starting MS therapy with drugs that are detectable in breast milk. These drugs will be discussed later in this paper.
The use of intravenous immunoglobulin (IVIG) has generated conflicting results in published papers. Although IVIG has a good safety profile, a recent meta-analysis demonstrated an ineffective cost-benefit profile from prescribing IVIG for prevention of relapses during the puerperium [34] . Different therapeutic schemes have been used; there are some uncontrolled studies and some studies controlled with 30-year-old historical patient data [34] . Briefly, using the present information on IVIG, approximately six women must be treated to avoid one relapse, which translates into a cost of over US$80,000 to prevent of a single postnatal MS relapse. Therefore, the evidence-based recommendation does not include IVIG in the management of postnatal reactivation of MS.
Monthly pulses of 1 g methylprednisolone have been proposed for prevention of relapse during the puerperium, but only two case series have been published [35, 36] . This approach has shown good results and is potentially safe, since the corticosteroid virtually disappears from breast milk within 4 h [36, 37] . Milk from this period could be discharged and the baby could be breastfed 4 h after the mother's infusion. It is an inexpensive option that could be studied in detail and thus could become part of the recommendations for protection against puerperal relapses.
THE EFFECT OF PREGNANCY ON DISABILITY (LONG-TERM MS OUTCOMES)
Pregnancy does not, in itself, negatively affect the course of MS [38] . While there are studies showing that parity was associated with better outcomes regarding disability progression in MS [39] , others have not obtained the same results [40] . Irrespective of this divergence, the recommendation regarding pregnancy for women with MS remains a matter of reaching disease control before conception.
THE EFFECT OF MS ON OBSTETRIC, NEONATAL AND DELIVERY OUTCOMES
There are studies reporting higher rates of premature birth and lower birth weight among babies born to women with MS [38, 41, 42] , while other studies did not show such results [43, 44] . All authors seem to agree that there is a higher rate of cesarean section among women with MS. This finding might be a reflection of fatigue, spasticity of lower limbs, slower progression of labor and/or pelvic organ dysfunction, which can all be features of MS [45] . The recommendation is that it is the obstetrician's prerogative to indicate induced labor or a cesarean section.
There are no reported negative outcomes from the use of epidural, peridural, caudal, spinal, subarachnoid or intrathecal analgesia in MS [46] . Epidural analgesia can be safely used in women with MS who are giving birth [47] . Pregnancies in women with MS do not need to be classified as ''high-risk'' pregnancy. However, it is our recommendation that hospital-assisted delivery is a better option than ''natural home birth'', ''labor and delivery alone'', ''water birth'' and similar alternatives.
SYMPTOMATIC DRUGS OFTEN USED FOR PATIENTS WITH MS
Patients with MS often present other conditions such as depression, fatigue, spasticity or gait abnormalities, which can all worsen during and after pregnancy. The drugs used to treat these conditions typically consist of small molecules taken orally. Except for antidepressants, data on the safety of these treatments are sparse.
Large-cohort studies [48] [49] [50] [51] on the use of antidepressants by pregnant women and nursing mothers have indicated that these drugs are not particularly teratogenic. Conflicting data in the literature have suggested that antidepressants may have a small effect on fetal growth, while associations between paroxetine and cardiac defects, between citalopram and craniofacial malformations, and between venlafaxine and pulmonary hypertension in newborns have been described [51] [52] [53] [54] . Women who use antidepressants late in pregnancy do not have lower production of breast milk, as was reported in the past [55] .
The pharmacological profile of sertraline suggests that this drug might be an appropriate choice when antidepressant treatment is required during pregnancy. Sertraline has little interaction with other systems and presents linear pharmacokinetic characteristics, with a half-life of 24-26 h. Sertraline is also considered to be a good option for treating depression in nursing mothers [56] .
Amantadine is often used to manage fatigue in MS, although its effect is disputable, and the recommendation of amantadine for this purpose is off-label [57, 58] . There are only anecdotal reports of exposure to amantadine during pregnancy, but due to teratogenicity in animal studies and occasional reports of severe malformation in humans, this drug should not be prescribed for pregnant women [59] [60] [61] .
Modafinil is another drug used off-label for treatment of fatigue and cognitive dysfunction in MS [62, 63] . The effect of modafinil in MS, if any, is small and is poorly studied. There are no data in humans justifying its use during pregnancy, given that the effects on the mother and child are virtually unknown.
Fampridine is recommended for improving gait velocity for patients with MS. There is only one literature report regarding fampridine exposure during pregnancy, which showed good outcomes [64] . The recommendation is not to prescribe fampridine to women who intend to have children, or to pregnant or breastfeeding patients with MS.
Baclofen is a gamma-aminobutyric acid agonist used primarily as a muscle relaxant to improve spasticity. Although intrathecal baclofen seems to be a safe alternative during pregnancy in very specific cases [65] , oral baclofen should not be prescribed at all [66] . There are no formal contraindications for breastfeeding while using baclofen, as the drug is detected only in small amounts in breast milk [65] .
MEN WITH MS WHO WANT TO HAVE CHILDREN
While research on pregnancy among women with MS has increased considerably over recent decades, investigations in men with MS who father children still have a long way to go. Men with MS may present fertility impairment and sexual dysfunction, while semen itself may be affected by drugs.
Relative to control subjects, men with MS have been reported to have lower baseline levels of luteinizing hormone (LH), follicle-stimulating hormone (FSH) and testosterone [67] . Total sperm count, sperm motility and percentage of normal sperm morphology have been found to be lower in patients with MS than in controls [67] . These findings indicate that men with MS may exhibit a state of hypogonadotropic hypogonadism that can affect their fertility. It is interesting to observe that men with hypogonadism showed a higher risk of developing MS in large-population studies [68, 69] , while low baseline levels of testosterone in men with MS were associated with worse disability outcomes [70] . Another large-population study showed that infertile men were at higher risk of developing not only MS, but also rheumatoid arthritis, psoriasis and thyroiditis [71] .
In addition to hormonal changes associated with MS, it is well known that 50-90% of men affected by MS can experience erectile dysfunction, ejaculatory dysfunction, orgasmic dysfunction and/or reduced libido [72, 73] . Higher rates of depression and fatigue have been described in patients with MS and sexual dysfunction [74, 75] .
There are few studies on the potential effect of MS therapy on men who have fathered children. The use of interferon beta and glatiramer acetate by the father has not been associated with worse neonatal outcomes [76] [77] [78] . There is still a lack of data on other therapeutic options for MS.
ASSISTED REPRODUCTIVE TECHNOLOGY
Assisted reproductive technology (ART) is used to treat infertility, in relation to both the woman's ovule and the man's sperm. While ART does not seem to influence the risk of MS relapses in men [79] , women can have higher MS activity when undergoing the same procedure [80] . At least in theory, the use of gonadotropin-releasing hormone (GnRH) antagonists should be a better option for women with MS undergoing ART [80] . GnRH antagonists have the same clinical outcomes as GnRH agonists, without leading to a decrease in estrogen [81] . The potential protective effect of estrogen and estradiol in MS has been known for a few years [82] .
THE EFFECT OF MS THERAPY ON CHILDBEARING
The majority of studies on pregnancy and MS have reported on relapse rates among the mothers and on the effect of disease-modifying drugs (DMDs) on newborns. A recent comprehensive review by Vaughn et al. [83] summarized the data regarding the potential risks of the use of DMDs during pregnancy and their prescribing recommendations. All the published data come from observational reports and may not be considered very robust [84] . On the other hand, the overly simplistic solution of withdrawing all treatments from women who intend to conceive (or are already pregnant) does not take into consideration the potential severity of MS [85] . Severe rebounding of MS activity may occur when fingolimod or natalizumab is withdrawn during pregnancy (or at the time of pregnancy planning) [86] [87] [88] [89] [90] [91] . In the modern era, when decision-making relating to MS does not allow for anything less than optimal disease control [92] , it is unacceptable that young women are simply told to stop therapy without being informed of the consequences of this action. Furthermore, as previously discussed, low relapse rates in the postpartum period are associated with good disease control at conception [6] . The present knowledge on DMDs can serve as guidance for specific recommendations for men and women with MS who want to have children. For easier understanding of this complex subject, DMDs are classified and presented here as ''self-injectable drugs'', ''oral drugs'' or ''monoclonal antibodies''. A summary of the data on each drug is shown in Table 1 . More detailed information is presented below.
It is extremely important to understand that the data presented in this paper are not necessarily true for biosimilar drugs (interferon beta 
SELF-INJECTABLE DMDS
The ''older'' category of immunomodulatory drugs used for treating MS comprises interferon beta and glatiramer acetate. Long-term data and the large number of cases of maternal exposure to these drugs have provided reassuring results regarding their safety during pregnancy. There are no specific recommendations for discontinuation of these treatments within the context of family planning.
Interferon Beta
Different formulations of interferon beta have been used for treating MS, and outcomes relating to exposure during pregnancy have been reported from all of them. Two of the formulations consist of the naturally occurring amino acid sequence of interferon beta and are known as interferon beta-1a, with the commercial names Avonex Ò (intramuscular administration) and Rebif Ò (subcutaneous administration). The third formulation is known as interferon beta1b (Betaseron Ò ) and consists of a modified amino acid sequence, presenting a cysteine-toserine mutation at amino acid 17, along with a deletion of the amino terminal methionine [93] .
Interferon beta targets immune cells, which gives rise to reduced antigen presentation and T-cell proliferation and induces altered cytokine and matrix metalloproteinase expression that culminates in suppression of inflammation [94] . The interferon beta molecule is over 20 kDa in size and is not believed to cross the placenta [95] . Pegylation of interferon beta results in a prolonged half-life of the active substance, with an extended dosage interval, thus enabling fewer injections and improving adherence to treatment [96] . Pegylation stabilizes the molecule by protecting it from degradation and proteolysis [97] , thereby leading to better bioavailability, with a potential beneficial decreases, : increases, ;;; greatly decreases impact on efficacy [98] . This new formulation is also available for treating MS under the commercial name Plegridy Ò . In total, over 3000 reports of the use of interferon beta during any stage of pregnancy can be found in the literature, and the outcomes are not considered deleterious. Earlier reports on exposure to interferon beta during pregnancy pointed towards a higher risk of spontaneous abortion and low birth weight [99, 100] , but later data seem reassuring. More recent papers with higher numbers of patients have suggested that the percentages of live births, spontaneous abortions and malformations resulting from exposure to interferon beta are similar to those observed in the general population [101] [102] [103] [104] [105] . Although some later studies do correlate interferon beta exposure with lower birth weight, the newborns in those studies were still over 3200 g on average [106] . The World Health Organization defines ''low birth weight'' as ''weight at birth of less than 2500 g'' [107] . Therefore, the widespread notion that interferon beta can lead to low birth weight in newborns is not correct. Higher incidence of cesarean deliveries and pre-term (37 weeks) birth have also been correlated with exposure to interferon beta in some reports [45] .
The European Medicines Agency and the US Food and Drug Administration label interferon beta as a drug that should be avoided during pregnancy unless the benefits of its use outweigh the risks. The recommendation is to maintain use of the drug irrespective of the patient's wish to conceive. Once the diagnosis of pregnancy has been established, the use of interferon beta throughout gestation will be a decision made jointly by the physician in charge and the patient, taking into consideration the risk/benefit profile of this therapeutic option.
The proportion of interferon beta that is transferred to breast milk is very low, and the estimate breastfed infant dose is 0.006% of the maternal dose [108] . In addition, when given orally, interferon beta has shown no systemic biological effect [109] . Therefore, women who intend to breastfeed may use interferon beta without concerns that this might affect the child.
Few cases have been reported among men undergoing treatment with interferon beta who father children, and there is no compelling evidence of obstetric or neonatal risks [77, 78] .
Glatiramer Acetate
Glatiramer acetate consists of acetate salts of synthetic polypeptides, containing four naturally occurring amino acids: L-glutamic acid, Lalanine, L-tyrosine and L-lysine. This complex molecule has an average length of 45-100 amino acids, with a molecular weight of 5-9 kDa. A substantial percentage of the therapeutic dose of glatiramer acetate is hydrolyzed at the site of the injection and interacts locally with peripheral blood lymphocytes [110] . This drug has been used worldwide for two decades and has shown no teratogenic or mutagenic effects [111] . In late 2016, the European Medicines Agency updated the label for Copaxone Ò , such that it is no longer considered contraindicated during pregnancy. According to the Food and Drug Administration, Copaxone Ò is a ''Category B'' drug, meaning that no risks have been shown in animal fetuses, but there are no well-controlled studies related to human pregnancy. Reports on over 5000 cases of branded Copaxone Ò exposure during pregnancy reinforce the lack of teratogenic effects [112, 113] . These findings provide important knowledge for better counseling for women with MS who intend to become pregnant and should not forgo the use of DMDs while attempting to conceive. Continuous use of glatiramer acetate throughout pregnancy can also be discussed with patients who may require this particular approach [114] .
Breastfeeding while using glatiramer acetate is potentially safe. This drug is rapidly degraded after subcutaneous injection and cannot be detected in the plasma, urine or feces [115] .
There are only two specific reports on men undergoing treatment with glatiramer acetate who fathered children [77, 78] . No association between paternal exposure to glatiramer acetate at the time of conception and a risk of adverse outcomes was shown.
ORAL DRUGS
While the ''older'' self-injectable DMDs discussed above are large molecules that generally do not cross the placenta or have any presence in breast milk, the ''newer'' oral drugs are small molecules that behave differently. Fingolimod freely crosses the blood-brain barrier [116] and the placental barrier [117] . Teriflunomide can cross the placental barrier [117] and should not be used by men or women with MS who intend to conceive. It is likely that dimethyl fumarate can cross the placenta as well [117] , while it is still uncertain whether cladribine can reach the fetus [118] . It is generally better to avoid the use of small molecules that can potentially reach the fetus among women who want to have children. The amount of data in pregnancy exposure registries on the use of these oral drugs for treating MS remains insufficient. As safety data accumulates through pharmacovigilance programs, the recommendation for avoiding oral drugs during pregnancy may change.
The washout period for these oral drugs varies; for fingolimod it has been established as 2-3 months. In order to decrease the period between DMD withdrawal and conception, discontinuation of oral MS therapy should be planned such that it is only implemented 2 or 3 months after withdrawal of oral contraceptives. Pregnancy after stopping the use of birth control pills may be achieved after only one cycle in approximately 20% of women, and may take up to 1 year for 80% [119] .
Fingolimod
Fingolimod was the first oral drug to be approved for MS therapy [120, 121] . It is a sphingosine-1-phosphate receptor modulator that is administered orally once daily, and its use leads to a reduction in the number of circulating lymphocytes by preventing their egress from secondary lymph organs [120] . This oral therapy has been shown to be effective at a dose of 0.5 mg/day in double-blind, placebo-controlled studies and in trials comparing it with interferon beta-1a. Studies continue to assess the long-term efficacy and safety of newer DMDs, including fingolimod, as Faissner and Gold reinforce in a comprehensive 2018 review [121] .
Animal data on exposure to fingolimod during gestation suggests that birth malformation can occur, possibly due to the influence of sphingosine-1-phosphate on embryogenetic vascular formation [122] . Data in relation to human pregnancy are scarce, but fetal abnormalities have been reported at higher rates than what would be expected for the general population [123] . The present recommendation is to discontinue fingolimod for at least 2 months prior to conception [123, 124] . As fingolimod can be identified in human breast milk, this treatment should not be resumed if the mother intends to breastfeed [125] .
Regarding fingolimod withdrawal in the context of pregnancy planning, the neurologist needs to be aware of the risks of disease rebound following fingolimod discontinuation [86, 91, 126] . There are no predictive factors defining the rebound risk group, and patients should be closely monitored after stopping fingolimod [126] .
Dimethyl Fumarate
Dimethyl fumarate derives from free fumaric acid, a substance that has poor gastrointestinal absorption [127] . The ester derivatives of fumaric acid have better absorption but may still lead to gastrointestinal symptoms that affect tolerance to the drug [127] . Although relatively new for treating MS, fumarates have been used to treat psoriasis since the mid-1990s [128] .
Dimethyl fumarate targets antioxidant mechanisms and exerts anti-inflammatory effects through stimulation of regulatory T lymphocytes [129] . The drug can modify a variety of proteins involved in T-cell activation through its electrophilic activity [130] . Dimethyl fumarate can reduce the production of nitric oxide synthase and decrease the levels of proinflammatory cytokines, including those that depend on mediation by nuclear factor kappa B (NF-jB) [131] . It is likely that the drug can induce a wider spectrum of immunological changes in patients with MS, but the studies performed so far suggest that the main mechanism of action involves elimination of proinflammatory activated T cells [129] .
The data on fetal exposure to dimethyl fumarate are very limited, but no increased risk of fetal abnormalities or adverse pregnancy outcomes have been observed thus far [83, 132] . It is not known whether dimethyl fumarate or its metabolites are present in human milk.
There are no reports in the literature suggesting acute reactivation of MS following discontinuation of dimethyl fumarate. Likewise, the drug is known to have a short half-life, and there is no evidence of its accumulation [133] . Therefore, pregnancy planning following withdrawal from dimethyl fumarate should not pose the same concerns observed with other drugs, as discussed above.
Teriflunomide
Teriflunomide is the active metabolite of leflunomide, a drug that has been successfully used for treating rheumatoid arthritis and psoriatic arthritis for many years [134] , and has been approved for treating MS. It induces reversible inhibition of dihydroorotate dehydrogenase, a critical enzyme in the synthesis of pyrimidine. Lymphocytes require pyrimidine for proliferation, and thus teriflunomide limits the number of circulating peripheral lymphocytes. In addition, this drug affects the antigen presentation of dendritic cells and stimulates the Th1-Th2 shift in the lymphocyte profile [134] .
Teriflunomide was originally labeled as a substance with high teratogenic effects. The drug label states that it should be avoided at all costs among men and women with MS who intend to have children [135] . Animal studies on maternal exposure to pyrimidine inhibitors have shown that the drug can induce neural tube defects, cleft palate, tail deformities, limb malformations, abnormalities in vertebrae (cervical to sacral), membranous ventricular septum defect and persistent truncus arteriosus [136] . The abnormalities observed in animal fetuses have been dose-dependent, and very high doses rendered the fetus unviable. Malformations were a function of dihydroorotate dehydrogenase inhibition, and early exposure gave rise to the possibility of multiple congenital abnormalities [137] . Since teriflunomide can be detected at low levels in human semen, it is recommended that men undergoing therapy with this drug avoid reproduction [138] .
Despite all the concerns regarding teratogenicity, no adverse outcomes relating to human pregnancy have been seen with leflunomide [139, 140] or teriflunomide [138] . The number of pregnancies studied remains small, but the initial findings have been reassuring to mothers and fathers who might be overwhelmed with worries after reading the drug label.
Elimination of teriflunomide is slow, and the drug may still be detected in human blood 2 years after discontinuation [141] . Accelerated elimination of teriflunomide with activated charcoal, cholestyramine or colestipol hydrochloride is recommended when the drug needs to be eliminated rapidly [141, 142] . Particularly in relation to pregnancy planning, the recommendation for accelerated elimination of the drug is important, but this also needs to be implemented as soon as a pregnancy is diagnosed in women with MS who are using teriflunomide.
Accelerated elimination can be achieved through the following schemes: (1) cholestyramine 8 g three times daily for 11 days; or (2) activated charcoal 50 g twice daily for 11 days; or (3) colestipol (colesevelam hydrochloride), four 625-mg tablets in the morning plus three 625-mg tablets in the evening [141] . It would be of great help to physicians if the company commercializing teriflunomide for treatment of MS could guarantee provision of the full dose of an accelerated elimination drug whenever necessary.
Teriflunomide is contraindicated during breastfeeding [138] .
Cladribine
Cladribine is a chlorinated deoxyadenosine prodrug that is activated by intracellular phosphorylation to become an active purine nucleoside analogue [143] . Oral cladribine may have beneficial immunological effects in the treatment of MS through the targeting of specific lymphocyte populations [144, 145] . In addition, cladribine appears to reduce the availability of vascular cell adhesion molecule 1 (VCAM-1), intercellular adhesion molecule 1 (ICAM-1) and E-selectin, all of which are important for lymphocyte transit through the blood-brain barrier [146] . Despite initial concerns regarding adverse events during the use of cladribine (lymphocytopenia, herpes zoster infections and malignancies), this drug has been approved for treating MS in several countries now.
The recommended dose of cladribine in MS is 3.5 mg/kg body weight over 2 years, or 1.75 mg/kg per year. Each course of treatment consists of two treatment weeks: one at the beginning of the first month and one at the beginning of the second month of the respective treatment years (4 or 5 days of 10 mg or 20 mg as a single daily dose, depending on body weight). Although this therapeutic scheme is very convenient, the long-term systemic effects of the drug may raise concerns regarding pregnancy over this 2-year period. Data on pregnancy and cladribine are scarce, and despite the lack of reported adverse outcomes, this drug should be avoided among patients who intend to conceive [147] . Men and women using cladribine should not conceive for at least 6 months after the last dose. Recent research strongly suggests that cladribine can exert its effects mainly via B-cell depletion [148] . Therefore, with caution and attention to all potential differences there may exist among drugs, data on pregnancy in patients with MS using other drugs with similar mechanisms of action might ultimately help building a ''B-cell depletion'' safety database.
Cladribine is contraindicated for women who breastfeed [147] .
MONOCLONAL ANTIBODIES
Monoclonal antibodies are increasingly being used for disease management. However, experience with and data on the potential reproductive and developmental toxicities relating to these agents remain sparse [149] . Monoclonal antibodies cannot be transported across the placenta by means of simple diffusion, since they are hydrophilic molecules with a molecular mass exceeding 100 kDa. They require active transportation across the placental barrier via a specific receptor-mediated mechanism [150] , which may not take place until after several weeks of placental development [151] . Therefore, it would be expected that early maternal exposure to monoclonal antibodies does not negatively affect fetal organogenesis [152] . This consideration is important, since women with MS undergoing therapy with monoclonal antibodies tend to be patients with more aggressive neurological disease. Discontinuation of their therapy might lead to severe disease reactivation, and therefore, planning for conception and pregnancy among these patients is an extra challenge for the physician in charge.
Natalizumab
Natalizumab was the first monoclonal antibody developed for treating MS and is still one of the most potent therapies for disease control. Natalizumab is a humanized monoclonal antibody that binds to integrins of both a4b1 (very late antigen 4, VLA-4) and a4b7 (lymphocyte Peyer's patch adhesion molecule 1, LPAM-1) [153] . This unique mechanism of action blocks leukocyte attachment to cerebral endothelial cells, thus reducing inflammation at the blood-brain barrier and inside the central nervous system [154] . The main impediments to more widespread use of this drug relate to potential development of progressive multifocal leukoencephalopathy (PML) in patients with MS undergoing therapy with natalizumab [155] . The recommended dose of natalizumab is 300 mg administered by means of infusion every 4-8 weeks [156] .
Over 350 cases of maternal exposure to natalizumab have been reported with complete outcomes [157] . This database shows that although the overall rate of birth defects was higher than that expected for a healthy population (5.05%), there were no specific patterns of malformations that would suggest a drug effect [157] . The babies' weights were within expected values, and no differences in the spontaneous abortion rate or gestational age at delivery were observed relative to the general population [157] .
In Germany and Italy, case series of early exposure to natalizumab during pregnancy have been reported [158] [159] [160] [161] . The obstetric and neonatal outcomes have been unremarkable in these cases of early exposure (up to 12 weeks of pregnancy). On the other hand, the use of natalizumab in the third trimester of pregnancy has been systematically correlated with hematological abnormalities in babies [162, 163] . In two newborns, long-term in utero exposure to natalizumab resulted in a reduced T-lymphocyte chemotaxis rate, which may have compromised their early-life host defense [164] . Reactivation of MS (observed clinically and/or via MRI) was reported in 95.5% of patients with MS who discontinued natalizumab due to pregnancy [165] . The same study showed worsening of disease disability in 27.3% of these patients. Disease reactivation is one of the most difficult aspects of discontinuing natalizumab in any patient, and during pregnancy it poses an additional challenge [166] . There are reports of severe MS reactivation after withdrawal of natalizumab in relation to pregnancy planning [89] and after pregnancy was diagnosed [87, 88, 90] . At least in theory, natalizumab might be administered until the 30th week of pregnancy in cases of very aggressive disease, but this recommendation is based upon very few cases in the literature [157, 159] .
In order to avoid serious complications over the course of the treatment with natalizumab, family planning needs to be discussed with the patient before treatment initiation.
Breastfeeding is not recommended during natalizumab use, since the drug can be identified in breast milk [153, 167, 168] . Although the levels of natalizumab in breast milk are minute, breastfeeding safety cannot be determined at this time [168] .
Alemtuzumab
In 1983, a group of researchers in Cambridge, UK, developed an IgM rat antibody that depleted lymphocytes, thus improving the chances of success in organ transplantation [169] . This antibody evolved to an IgG2b CAMPATH-1 Mab compound, called Cambridge Pathology 1 (CAMPATH-1), and it proved to be a very potent immunosuppressive drug targeting only white blood cells [169] . CAMPATH-1 was later studied for a possible role in purging of lymphocytes prior to autologous transplantation to treat acute lymphocytic leukemia [170] . Subsequently, it became clear that the antibody of this potent drug targeted CD52 [171] . Nomenclature standards for biological therapies led to changing the name of the drug to alemtuzumab. Alemtuzumab not only results in dramatic depletion of the T-cell population, but also seems to affect the complex reconstitution of lymphocytes in the immune repertoire [172] . Although alemtuzumab has only recently been incorporated into the therapeutic options for treating MS, a group in Cambridge has used it to treat MS since the early 1990s [173] . The drug was approved by the European Medicines Agency and the Food and Drug Administration in 2014 as therapy for MS with cytolytic properties against CD52 of lymphocytes. It is used in infusions of 12 mg/day for five consecutive days in the first year, and for three consecutive days 12 months later.
The number of pregnancies with alemtuzumab exposure is relatively small and has not yet reached 200 cases [174] . The data on these pregnancies have typically been presented at congresses and conferences, and no definitive recommendations can be made at this time. No adverse outcomes have been associated with the use of alemtuzumab.
Alemtuzumab has a short half-life, ranging from 2 to 32 h after the first administration and 1-14 days after the last dose in patients with leukemia, who use higher doses than those used for MS cases [175] . As with other monoclonal antibodies, alemtuzumab will not cross the placental barrier in the first weeks of embryogenesis. Therefore, at least in theory, conception occurring while alemtuzumab is being used should raise no particular concerns regarding disease in the fetus, and no particular recommendations for washout should be necessary. However, the autoimmune disorders that the mother may develop during therapy with alemtuzumab may pose a problem [176] . For example, autoimmune thyroid disease, which affects 30-40% of patients undergoing therapy with alemtuzumab [177], may translate into hypothyroidism during pregnancy.
Breastfeeding is contraindicated during the use of alemtuzumab, but infusions can be organized in such a way as to overcome this problem.
Ocrelizumab
Until recently, T cells were considered to be the main players in inflammation leading to demyelination and degeneration in MS. Trials with rituximab, which provides B-cell depletion, yielded conflicting results, and DMD development continued to target T lymphocytes [178] . Although trials with rituximab did not yield very favorable results in MS cases [178] , some groups have had good experience with this drug in treating their own patients [179] .
Ocrelizumab was developed for the purpose of targeting B lymphocytes in MS and is the most recently approved drug for MS therapy. It is a humanized anti-CD20 monoclonal antibody that depletes B cells through antibodydependent cellular cytotoxicity [180] . It is used in infusions at doses of 300 mg (first infusion) and 300 mg (second infusion) 2 weeks later. Thereafter, the dose is 600 mg every 6 months.
The data on exposure to ocrelizumab during pregnancy amounts to only 13 cases with clear exposure to the drug during the embryogenetic period [181] . For rituximab, there have been approximately 200 cases of exposure to autoimmune diseases in general [182] . Clear exposure within 6 months of the infusion has been reported in 102 cases, seven of which were patients with MS [183] . Therefore, there are no data to define the safety of maternal exposure. The half-life of rituximab is 21 days [184] , and it is 26 days for ocrelizumab [185] . Again, at least in theory, conception occurring during the use of B-cell-depleting therapy should not raise any particular concerns regarding disease in the fetus and thus should avoid concerns regarding washout periods. When used throughout pregnancy, rituximab has been associated with B-cell depletion in the baby [183, 186] and lymphoid tissue abnormalities in exposed animals [187] . Babies with this hematological finding showed spontaneous recovery of B-cell levels after 6 months and had no complications.
Breastfeeding is contraindicated during the use of ocrelizumab, but scheduling postnatal infusions can overcome this problem.
CONCLUSION
The present study summarizes recommendations for physicians who discuss family planning with women and men with MS. The authors believe that reproductive issues in MS will remain an important issue for researchers and clinicians. Results from real-world databases and pharmacovigilance will add to the knowledge on this subject and will continue to change family planning for people with MS. A disease that once was a reason not to have children is now a potentially controllable disease. Medications with unknown effects on fetuses are now extensively studied regarding maternal and paternal exposure at conception. Fetal exposure to drugs used for MS treatment do not constitute a reason for abortion due to fear of the unknown. material prior to submission for publication. They did not write the paper and only revised the final format for accuracy in relation to recorded discussions at the meeting. The scientific writers received standard rates of payment for their work. There was no payment for any of the MS experts participating in any stage of the review or article preparation. All authors had full access to all of the data in this study and take complete responsibility for the integrity of the data and accuracy of the data analysis.
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